Abstract Molybdenum (Mo) was used to improve the cold tolerance of cauliflower microshoots/artificial seeds. The optimal stage to introduce Mo to the micropropagation system was found to be the microshoots liquid culture stage, since its use within artificial seed capsules or conversion media had negative effects on conversion rate and viability. Mo was found to improve the cold tolerance of both acclimated and non-acclimated microshoots/artificial seeds. The capacity of Mo to up-regulate CBF/DREB1 in cauliflower microshoots was confirmed. Moreover, this study is the first to confirm the ability of this element to upregulate CBF/DREB1 without any low temperature treatment. Mo significantly increased the accumulation of 23 kDa polypeptide when it was used at 15 ppm concentration. However, Mo had a negative effect on the accumulation of dehydrin proteins which suggest that this group of proteins have no significant role in the cold tolerance of cauliflower microshoots. The study could help in improving the understanding of the abiotic stress network in plants and in improving the quality and efficiency of cauliflower artificial seed production systems.
Introduction
An effective protocol for cauliflower micropropagation was designed by Kieffer et al. (2001) and optimized by Rihan et al. (2011 Rihan et al. ( , 2012a and enables the production of thousands of microshoots per cauliflower curd and provides an optimal system for the analysis of the physiological and molecular responses of cauliflower to various types of abiotic stresses. Moreover, these microshoots can be used for artificial seed production, which are required to show a high level of abiotic stress tolerance in order to be a cost effective method for cauliflower propagation.
Molybdenum (as molybdate) is an essential element for the healthy growth of higher plants and plays an important role in many plant physiological processes (Mendel and Hansch 2002; Sun et al. 2009 ). Molybdate is the dominant form of molybdenum available to plants. Although molybdenum participates in various redox reactions, it is required at very low levels (Kaiser et al. 2005 ) and the required amount of molybdenum is considered to be one of the lowest among the micronutrients essential for plant growth (Zimmer and Mendel 1999) . Molybdenum is an important element for more than 40 enzymes, four of which have been found in plants (Mendel and Hansch 2002) and include nitrate reductase (NR), which is involved in nitrogen fixation and assimilation, xanthine dehydrogenase/oxidase (XDH), which plays an important role in purine catabolism, aldehyde oxidase (AO), which plays an essential part in the synthesis of indole-3 acetic acid (IAA) and abscisic acid (ABA), and sulphite oxidase (SO) which has a role in sulphur metabolism (Kaiser et al. 2005) .
Aldehyde oxidase is a key enzyme for catalysing the final step of ABA production. ABA is made from carotenoid and the production of this compound involves cleavage of 9-cis-epoxycarotenoid to produce xanthoxin. The xanthoxin is then catalysed by 9-cis-epoxycarotenoid dioxygenase (NCED) in plastids (Huang et al. 2009 ). Xanthoxin is further changed to produce abscisic aldehyde in the cytosol via alcohol dehydrogenase (González-Guzmán et al. 2002) and AO then catalyses abscisic aldehyde to synthesis ABA (Cutler and Krochko 1999) . Several studies have reported that the absence of AO cause deficiency of in-planta ABA (Bittner et al. 2001; Sagi et al. 2002) .
It has previously been proposed that molybdenum can be involved in amelioration of frost damage (Du et al. 1994; Li et al. 2001; Sun et al. 2006; Al-Issawi et al. 2013b) . Furthermore, several studies have investigated the effect of molybdenum on COR (cold upregulated) gene expression (Sun et al. 2009 ). ABA-dependent and ABAindependent pathways both mediate COR gene expression (Al-Issawi et al. 2013a ) and molybdenum plays an important role in the synthesis of ABA which in turn activates the basic leucine zipper (bZIP) transcription factors and bZIP activates ABA-dependent COR genes through ABA responsive elements (ABREs) (Uno et al. 2000; Xiong et al. 2002) . In terms of the ABA-independent pathway, cold activates the expression of CBF transcription factors which in turn up-regulate COR genes resulting in an increase of plant cold tolerance (Thomashow 1999) . Sun et al. (2009) and Al-Issawi et al. (2013b) reported that molybdenum treatment improved the expression of CBF when regulated by low temperature treatment.
Intensive studies in expression of cold-response gene expression in Arabidopsis resulted in the identification of the CBF/DREB1 transcription factors family which have an essential role in cold acclimation and freezing stress tolerance in plants . These transcription factors bind to specific regulatory sequences in the promoters of cold and dehydration responsive genes. These sequences are C-repeat (CRT: TGGCCCGAC) and dehydration-responsive elements (DRE: TACCGACAT). Both of these sequences contain the highly conserved cor 5-bp sequence of CCGAC, which has the capacity to regulate transcription under drought, temperature and salinity (Baker et al. 1994; Yamaguchi-Shinozaki and Shinozaki 1994; Gao et al. 2007 ). Therefore, CBF induces the expression of COR genes (the genes which contain the COR sequence) and these genes play an essential role in the improvement of plant cold tolerance (Mizoi et al. 2012) . CBF/DREB1 is a family of transcription factors belongs to the ERF/AP2 transcription family (YamaguchiShinozaki and Shinozaki 2005) . Thomashow (2001) has characterized three different cold inducible CBF/DREB1 genes in Arabidopsis described as: CBF/DREB1B, CBF2/ DREB1C and CBF3/DREB1A. CBF3/DREB1A and CBF/ DREB1B are induced at the same time and earlier than CBF2/DREB1C (Medina et al. 2011) . The role of ICE1-CBF/DREB1 singling pathway in increasing the cold tolerance has been investigated in different plant species such as Arabidopsis thaliana (Welling and Palva 2008; Chen et al. 2009; Fursova et al. 2009; Yang et al. 2011) , Cucumis sativa (Liu et al. 2010) , Triticum aestivum (Miller et al. 2006; Morran et al. 2011) , Hordeum vulgare L. (Stockinger et al. 2007; Campoli et al. 2009 ), Solanum tuberosum (Behnam et al. 2007) , eucalyptus (Navarro et al. 2009 ), Nicotiana plumbaginfolia (Gutha and Reddy 2008) etc. Badawi et al. (2008) reported that there are two ICE1 homologs, TaICE141 and TaICE187, in wheat and they upregulate the expression of CBF group IV genes in wheat. Several studies have reported the existence of CBF/DREB pathway and it is role in increasing the cold tolerance of rice plants (Ito et al. 2006; Wang et al. 2008; Yang et al. 2009; Zhang et al. 2009; Cruz et al. 2013) .
Both freezing stress and drought cause desiccation of the plant cell protoplasm (Steponkus et al. 1980 ) and freezing stress causes ice formation in the intercellular spaces and, since ice has a lower osmotic potential than water, water moves from inside the cells to the ice in the intercellular space, resulting in desiccation of the cell protoplasm (Thomashow 1999) . Several studies suggest that plants have similar approaches to desiccation resistance, regardless of whether the desiccation is caused by drought or freezing stress. Several genes have been found to respond to both drought and cold stresses (Shinozaki and Yamaguchi-Shinozaki 2000) and it seems that there is cross adaptation where the exposure to one stress can improve the tolerance to other stresses (Parmentier-Line et al. 2002) . It has been demonstrated that drought can predispose plants to cold tolerance and vice versa (Anisko and Lindstrom 1996) . It has also been demonstrated that groups of dehydrin proteins are produced by conditions which have a dehydrative constituent including drought, salinity and cold (Close 2006) . Several studies have reported the increase of dehydrin proteins resulting from low temperature treatments and acclimation (Welin et al. 1994 ). Muthalif and Rowland (1994) and Panta et al. (2001) reported the accumulation of dehydrin proteins in whole blueberry plants under the effect of low but non-freezing temperature while Parmentier-Line et al. (2002) reported the accumulation of these proteins in cold treated blueberry cell cultures. Several studies have also reported the accumulation of dehydrin proteins during the acclimation of Arabidopsis, Fragaria, Brassica, Miscanthus and woody plant species of genus Prunus, Cydonia (Welling et al. 2004; Wisniewski et al. 2006; Patton et al. 2007; Nishizawa et al. 2008; Lukoševičiūt_ e et al. 2009; Rugienius et al. 2009; Baniulis et al. 2012) .
This study aimed to investigate the optimal stage suitable for using molybdenum in the cauliflower artificial seed production system. Moreover, this study aimed to investigate the effect of molybdenum on the cold tolerance of cauliflower artificial seeds (microshoots) and the molecular mechanism of this effect, including the up-regulation of CBF/DREB1 gene, the accumulation of COR15 protein and accumulation of dehydrin proteins.
Materials and methods

Plant materials
Two F1 hybrid varieties of cauliflower (Fremont and Diwan) were obtained from a commercial retailer (Sainsbury supermarket, Plymouth) and their field supplier and origin traced courtesy of Simmonds & Sons Ltd (Cornwall).
Cauliflower microshoot production
Large pieces of cauliflower curds (1-5 cm) were sterilized by immersion in diluted un-thickened domestic bleach (10 % v:v, 0.06 % sodium hypochlorite) for 15 min., followed by a double wash with sterile distilled water. Explants were produced mechanically by eliminating the mass of non-responsive tissue (stem branches) and shaving off the upper meristematic layer using a sterilized scalpel working in a laminar flow cabinet. The meristimatic clusters were then homogenized using a commercial blender (Waring model 800) at approximately 1,700 rev min -1 in liquid maintenance S23 medium [4.4 g L -1 MS salts (Murashige and Skoog 1962) supplied by Sigma TM and 3 % w/v sucrose] for 30 s to produce a homogenate of micro-explants. These were size graded by passing the homogenate through a series of sieves with aperture sizes of 212, 300 and 600 lm (Endacotts Ltd). A small volume (74 lL) of the 212-300 lm homogenate fraction was cultured in 30 mL S23 medium, supplemented with 2 mg L -1 Kinetin and 1 mg L -1 IBA in 125 mL plastic pots. In order to preserve culture sterility the culture media was supplemented with 1 mL L -1 Plant Preservative Mixture (PPM TM ) which was used with all treatments. The culture media was supplemented with five concentrations of Mo (0, 15, 30, 45 and 60 ppm) derived from ammonium molybdate (VWR, Prod 271874B). The pots were constantly shaken (150 rev min -1 ) during culture and maintained at 20°C and exposed to a 16 h photoperiod (PAR 80 lmol m -2 s -1 ). The effect of Mo on the number and viability (assessed as the average microshoot fresh weight) was evaluated after 28 days of culture. Five culture pots (replicates) were used with each Mo treatment.
The effect of Mo on artificial seeds
Micro-explants of the 212-300 lm size class were used for artificial seed production. Microshoots were mixed with sterilized (by tyndallisation) sodium alginate 2 % (w/v), supplemented with three concentrations of Mo, 0, 15 and 30 ppm and dropped into a sterilized (autoclaved) solution of calcium chloride 15 g L -1 using a sterilized pipette to form gel beads. Microshoots were left in the calcium chloride for 30 min for full complexion of the beads. The artificial seeds were then transferred to S23 liquid media [without plant growth regulators (PGRs)] for 30 min followed by a quick wash with sterile distilled water. Artificial seeds were cultivated in 125 mL culture pots each containing 30 mL of semi-solid maintenance S23 media. The effect of Mo on both artificial seed conversion rate (%) and viability (plantlet average weight) was evaluated after 28 days of culture. Fifteen culture pots with five artificial seeds were used with each treatment and cultures were incubated in a Snijder TM growth cabinet at 22°C with a 16 h photoperiod (PAR 177 lmol m -2 s -1 ). Another set of artificial seed cultures were produced and cultivated in culture pots containing 30 mL of S23 media supplemented with 0, 15 and 30 ppm of Mo. The effect of Mo on both artificial seed conversion rate and viability was assessed after 28 days of culture. Fifteen culture pots with 5 artificial seeds were used with each treatment.
The effect of Mo on the cold tolerance of artificial seeds
The most effective concentration of Mo (15 ppm) was chosen from the preceding experiment in order to assess its effect on cold tolerance. Cauliflower microshoots were produced as described above and encapsulated in sodium alginate matrix to produce artificial seeds.
Frost resistant of the artificial seeds was assessed to test the effect of molybdenum (Mo). The artificial seeds were placed in sterile petri dishes with a small piece of ice, produced from sterilized water, to ensure ice nucleation and placed in a Sanyo chamber running at 0°C and programmed to -2, -4, -6, -8, -10 and -12°C with a hold of 2 h at each temperature. Samples were taken at each temperature at the end of each 2 h hold and transferred to a refrigerator at 4°C to thaw overnight. Artificial seeds were then placed on semi-solid media S23 in the Snijders TM growth cabinet and the conversion rate and the average weight of plantlets evaluated after 28 days of culture. Five Plant Cell Tiss Organ Cult (2014) 118:215-228 217 replicate culture pots, each containing five artificial seeds, were used with each treatment.
The effect of Mo on the cold tolerance of acclimated cauliflower microshoots and on the induction of CBF/ DREB1 expression Cauliflower microshoots were produced in S23 liquid medium and in S23 supplemented with 15 ppm Mo. After 25 days growth at 20°C, samples were taken and frozen at -80°C prior to total RNA extraction in order to investigate the induction of CBF/DREB1 gene expression. The shaker containing the microshoot cultures was then transferred to 4°C for 15 days for cold acclimation. Twelve and 18 h after transfer to 4°C, samples were again taken and kept at -80°C until the total RNA was extracted. The cold tolerance was tested by measuring electrical conductivity following freezing treatment. Ten g FW (fresh weight) aliquots of microshoots were placed in labelled boiling tubes (75 mL volume) and exposed to freezing in the Sanyo TM cabinet at 0°C and programmed to -2, -4, -6, -8, -10 and -12°C with a 2 h hold at each temperature. A small piece of ice was added to each tube at 0°C to facilitate ice nucleation. Samples were taken at each temperature at the end of each 2 h hold and transferred to a refrigerator at 4°C to thaw overnight. Then 20 mL of distilled water was added to the tubes to fully cover the shoots and a lid was placed on each tube and incubated at 20°C for 24 h and the electrical conductivity (EC1) of the solution measured. Tubes were then autoclaved at 121°C for 15 min and again incubated for 24 h at 20°C and then the EC was re-measured (EC2). The REC % was calculated as: Aronsson 1980; Levitt 1980) . Three replicates (tubes) were used for each Mo treatment at each temperature.
Expression analysis of CBF/DREB1
After appropriate treatment, samples (100 ± 10 mg) were ground to a powder in liquid nitrogen with a mortar and pestle and the total RNA was isolated using the Spectrum plant total RNA kit (Sigma Aldrich: spectrum plant total RNA kit, Cat # STRN50) according to the manufacturer's instructions. The total extracted RNA was quantified using the Nano drop 1000 spectrophotometer to estimate its concentration. The purity of the RNA was assessed by examining the absorbance ratio at 260 and 280 nm. The reverse transcription was done using using M-MLV Reverse Transcriptase (Sigma: M1302) in 20 lL volume. Sequence specific primers for CBF/DREB1 (Forward primer 5-ACTTTCCTAACCGCCGAC, Reverse primer 5-TCTCAGCCTGAAAAGCCA-3) and for the Actin 1 mRNAs (endogenous control) (Forward primer 5-CCCAA AGGCCAACAGAGAGAAG-3-3) (Reverse primer 5-CA CCAGAGTCCAGCACAATACC-3) were designed using Primer-BLAST (Ye et al. 2012 ) and synthesized by Eurofin MWG/Operon (Germany). The cDNA for the samples was used as a template for:
1. Gel electrophoresis PCR (Applied Biosystems, Veriti) (Sigma kit). A Master mix was prepared consisting of (for each sample) 1 lL Red tag polymerase ? 2.5 lL Red tag polymerase buffer ? 0.5 lL forward primer ? 0.5 lL reverse primer ? 0.5 lL dNTPs ? 18 lL sterile free nucleus water. The master mix was prepared for all samples together and 23 lL from the mixture was added to 2 lL of each sample in nuclease free 1.5 mL microcentrifuge tubes. The PCR thermal cycle was optimized to be as follows, initial denaturation at 94°C for 2 min once followed by 40 cycles of denaturation at 94 for 30 s, annealing 57°C for 30 s, extension at 72°C for 30 s and then final extension at 72°C for 5 min and then 4°C ?.
The PCR products were analysed using 1.4 % high melting agarose gel (Fisher, EP1356-100) melted in TAE (Tris-acetate ? EDTA) and with 0.005 % of SYBR safe. The PCR products were compared with a PCR 100 bp low scale DNA ladder (Fisher BioReagents, BP2581-200) consisting of 10 DNA fragments with sizes of 50, 100, 200, 300, 40, 500, 700, 1,000, 1,400, 1,500, 2,000 bp. Band intensities were semi-quantitatively measured using Image j software.
Real time PCR reaction (Applied Biosystem, StepOne
Pluse) was prepared with SYBR Green JumpStart Taq ReadyMix (Sigma kit Cat. #S4438-100RXN). The PCR thermal cycle was optimized to be as follows: 10 min denaturation at 95°C and then 40 cycles of 94°C for 30 s followed by 57°C for 30 s. The melting curve was set up at the end of the 40 cycle for 15 s at 95°C, 1 min at 57°C and 15 s at 95°C in order to be sure that only the gene of interest and the control gene were amplified.
Each PCR treatment was replicated three times.
Protein extraction and Western blotting for COR15 detection
The total proteins from each samples were extracted as described previously by Ni et al. (1996) . Samples from -80°C were thawed on ice, placed in a mortar and pestle and 2 mL extraction buffer (100 mM potassium phosphate, 1 mM DTT, 1 mM EDTA, 1 % Triton 9-100, 10 % glycerol, pH 7.8) was added to 1 g of tissues and ground. One mL of the liquid grindate was transferred to a microfuge tube (1.5 mL) on ice. The supernatant was centrifuged twice at 13,0009g for 15 and 10 min respectively at 4°C. The total protein content was evaluated using a BCA (bicinchoninic acid) assay kit (Pierce, Product No. 2161297A) following the manufacturer's instructions. The clear supernatant containing proteins was separated using SDS-PAGE (Sodium dodecyl sulfate polyacrylamide gel electrophoresis) (Laemmli 1970) , and adding methanol 200 ml L -1 in dH 2 O (Towbin et al. 1979) . After transferring the proteins onto the PVDF membrane, the membrane was blocked using [phosphate buffer saline ? 0.05 Tween 20 % (PBST)] ? 5 % Marvel (a low fat skimmed milk powder) (Iceland Ltd)] for 1 h at room temperature with mild shaking. After incubation, the membrane was incubated with rabbit anti-COR15 antibody obtained from the Laboratory of Dr. Michael Thomashow via Dr. Sarah Glimour (MSU, USA). Primary antibodies were diluted (1:1,000) in a total volume of 20 mL PBST supplemented by 4 % of Marvel semi-skimmed milk and the membrane was incubated at room temperature overnight with very gentle shaking. The membranes were then washed three times with PBST while agitating to wash off the excess primary antibody, for 5 min each and the membrane then incubated with horseradish peroxidase conjugated goat anti-rabbit IgG secondary antibody (PBS diluted 1:20,000) (Abcam) for an hour at room temperature with mild shaking to detect primary antibodies attached to the COR15 protein. The membranes were washed three times with PBS for 5 min each and then incubated in incubated with ECL detection reagent (Luminata crescendo western HRP substrate (Millipore, WBLUR0100)) in the dark for 5 min and the image from the membrane was captured using a UVP gel documentation system. Blots were observed and digital images made.
Western blotting for dehydrin proteins detection A protocol modified from the protocol given above was used for dehydrin detection. The modifications were as follows: the electrical field applied was 100 volts for 35 min for proteins transfer. PVDF immobilon transfer membrane (pore size 0.4 lm) (Milipore, Cat. No. ISE000010) was used. Hybridization for the antibody raised against the K-segment of dehydrins was achieved with primary antibodies obtained from Dr. Michael Wisniewski's Laboratory, (USDA-ARS, Appalachian Fruit Research Station, USA). Membranes were incubated with dehydrin primary antibodies (produced in rabbit). Antibodies were diluted (1:1,000) in a total volume of 20 mL PBST supplemented with 4 % of semi skimmed milk and the membranes were incubated overnight at 4°C with gentle agitation.
To ensure the specificity for dehydrin, antibodies were blocked using a peptide-salt containing the dehydrin K-segment consensus peptide TGEKKGIMDKI-KEKLPGQH kindly provided by Prof Timothy J. Close (Riverside University, California, USA). The peptide-salt (0.5 g) was dissolved in PBS and equal volumes of the peptide salt (5 mg mL -1 ) and dehydrin antibody serum (1:1,000) were mixed and left for 30 min. Antigen-blocked serum was then used instead of the primary antibody. The remaining protocol steps as above were then followed.
The same procedures were applied with all samples to detect histone H3 protein (Agrisera, Art No.: AS10 710) as a housekeeping reference protein. Histone antibody was diluted (1:5,000) in a total volume of 20 mL PBST. Histone protein band intensities were used to normalize the intensities of dehydrin protein bands using Image J software.
Statistical analysis
Each experiment was repeated 3-5 times.Results are presented as mean ± standard error (SE). All data were subjected to analysis of variance (ANOVA) using Minitab software (version 15) and comparisons of means were made with least significant difference test (LSD) at 5 % level of probability.
Results
The effect of Mo used with culture media on the development of microshoots When culture media were autoclaved, it was noticed that the media which contained molybdenum had a dark colour which increased with higher concentrations of Mo used. In terms of the effect of Mo on the number and viability of microshoots, concentrations higher than 30 ppm had negative effects on the explants and no microshoots were observed to grow when these concentrations were applied and when 30 ppm of Mo was used with the culture media, a highly significant decrease in the number of growing microshoots was observed (P \ 0.001). In terms of the effect of Mo on microshoots average weight, although the use of 30 ppm Mo significantly increased the average weight (P = 0.021), the number was relatively very low (Fig. 1 ).
Colour differences between microshoots derived from different Mo treatments were also observed and the higher the Mo concentration, the darker the colour of microshoots (Fig. 2) .
The effect of Mo applied to artificial seed matrix
The use of Mo in the artificial seed matrix significantly reduced the conversion rate of artificial seeds (P = 0.015). However, there was no significant effect of Mo on the artificial seed viability (P = 0.505) (Fig. 3) .
The effect of molybdenum applied with artificial seed conversion media Whilst there was no significant effect of Mo used with the artificial seed conversion media on their conversion rate (P = 0.237), Mo significantly reduced the viability of cauliflower artificial seed assessed as plantlet average weight (P \ 0.001) (Fig. 4) .
The effect of Molybdenum on the cold tolerance of cauliflower artificial seeds/microshoots Molybdenum had a significantly positive effect on cauliflower artificial seed cold tolerance (P \ 0.001) at both -10 and -12°C treatments (Fig. 5) .
The use of 15 ppm of Mo also significantly improved the cold tolerance of acclimated microshoots (P = 0.022) at -10°C (Fig. 6 ).
The effect of low temperature treatment on the viability of artificial seeds Low temperature treatment significantly increased the viability of artificial seeds assessed as plantlet average weight. However, while the treatment of low temperature at -6°C significantly increased the viability of Mo-nontreated artificial seeds (plantlets average weight), Motreated artificial seed exposed to -2°C gave the highest viability (P \ 0.001). Moreover, Mo increased plantlet fresh weight after non-lethal freezing (Fig. 7) . The effect of molybdenum treatment on the induction of CBF/DREB1 gene expression Molybdenum significantly increased CBF/DREB1 gene expression when applied in conjunction with acclimating temperature (P \ 0.001). Also, it was shown that Mo had the capacity to up-regulate CBF/DREB1 without cold acclimating treatment. The use of a relatively high concentration of Mo (30 ppm) decreased the expression of CBF/DREB1, and 15 ppm Mo was found to be the optimal concentration in terms of its effect on the induction of CBF/DREB1 gene expression among the concentrations investigated (Figs. 8, 9 ). While no significant differences were observed in terms of the effect of the duration of acclimation at 4°C on the expression of CBF/DREB1 gene (P = 0.335) using gel electrophoresis PCR (Fig. 8) , a significant effect of the acclimation duration (P = 0.03) (Fig. 9 ) was found using quantitative PCR. It was demonstrated that the level of expression increased with time.
Detection of COR15 protein in molybdenum treated cauliflower microshoots A band at 23 kDa was detected using the COR15 antibody and the amount of this polypeptide (Band intensity) was significantly affected by Mo treatment (P = 0.035). The highest amount of this 23 kDa protein was observed when 15 ppm Mo was used with the microshoot culture media. The use of concentrations higher than 15 ppm, however, Fig. 4 The effect of Mo used with artificial seed conversion media on their conversion rate and viability (LSD = 0.20 for artificial seed viability had a negative effect on the amount of the 23 kDa polypeptide (Figs. 10, 11 ).
The effect of molybdenum on the accumulation of dehydrin proteins in acclimated cauliflower microshoots
The use of molybdenum in acclimated cauliflower culture media significantly decreased the amount of dehydrin proteins at 78, 35 and 50 kDa (P \ 0.001 for protein at size class 78 kDa, P = 0.001 for protein 35 kDa and P = 0.040 for protein at size class 50 kDa). However, the effect of Mo on the amount of dehydrin protein at size class 53 kDa was found to be not significant (P = 0.087) (Figs. 12, 14, 15) .
No dehydrin protein band was detected using a blocked dehydrin antibody which confirmed t that all the bands detected by the k-segment antibody belong to the dehydrin protein family (Fig. 13) .
Discussion
Molybdenum is a rare element available from the soil and is essential for the growth of plants (Kaiser et al. 2005) . Mo, like other rare elements, is required at low concentration and the high concentrations of many of these rare elements have a negative effect on the growth of plants akin to heavy metal poisoning. This could explain the 
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Control (0 hour) 12 hours 18 hours Fig. 8 The effect of different concentrations of Mo and acclimation treatment on the expression of CBF/DREB1 gene observed using ordinary PCR on the band intensity proportions between CBF/DREB1 bands and Actin1 bands (LSD = 0.175 for Mo treatment)
negative effect of this element on the cauliflower microshoots when it was used at relatively high concentrations. It was observed that Mo changed the colour of media and the higher the concentration of Mo, the darker the colour of the media. It appeared that Mo increased the level of sugar (sucrose) caramelization in the culture media and this could indicate an important role of Mo in enzyme activities. Sun et al. (2009) reported that more than 40 Mo-enzymes catalysing various redox reactions have been found in all organisms. Interestingly molybdenum also increased the darkness of cauliflower microshoots and this suggests that molybdenum has an important role in the biosynthesis of chlorophyll or the synthesis of anthocyanins which may also be a heavy metal toxicity response. In agreement with the current results, it has been reported that the net photosynthetic rate (Pn) was reduced and chlorophyll biosynthesis was inhibited in Mo-deficient winter wheat under the influence of cold stress (Sun et al. 2006) . Chlorophyll biosynthesis can be described as follow, glutamate demonstrated that Mo deficiency blocked the conversion of ALA to Uro111, causing a decrease in chlorophyll biosynthesis. The use of Mo at 15 ppm concentration with liquid culture media had no negative effect on the development of cauliflower microshoots and therefore the effect of Mo on microshoot cold tolerance was investigated at this concentration. It seems that the optimal stage for Mo introduction in the cauliflower artificial seed production system is the microshoot liquid culture media. The differences observed in terms of the effect of Mo applied at various steps of cauliflower artificial seed production could be attributed to the physical structure of the media used in these stages (semi-solid with the conversion media and solid structure artificial seed capsules). However, more investigations are required to find out the causes of the negative influences of Mo on cauliflower artificial seed conversion rate and viability when it was used with artificial seed capsules and conversion media respectively.
The application of Mo with the liquid culture media improved the cold tolerance of cauliflower artificial seeds (microshoots) without cold acclimation treatment. Furthermore, the use of Mo enhanced the cold tolerance of acclimated cauliflower microshoots. Other reports have indicated that molybdenum could have a role in the amelioration of frost damage (Du et al. 1994; Li et al. 2001) and freezing (Sun et al. 2006; Al-Issawi et al. 2013b ) and several hypotheses have been examined to investigate the Mo effect mechanism on plant cold tolerance. Sun et al. (2006) mentioned that Mo could increase the anti-oxidative defence in plants by increasing the activity of anti-oxidative enzymes such as SOD, CAT and POX, resulting in an increase in plant cold tolerance. This is argued because cold stress normally induces oxidation stresses, producing reactive oxygen species (ROS) such as superoxide radicals (ÁO 2 ), hydroxyl radicals (ÁOH) and hydrogen peroxidase (H 2 O 2 ). ROS makes complexes with DNA, lipids and proteins causing cellular damage (Sattler et al. 2000) . At the molecular level, several studies have investigated the mechanism by which Mo improves plant cold tolerance. For example it has been reported that Mo induces the expression of COR genes due to ABA dependent pathway since aldehyde oxidase (AO), which is an Mo-enzyme, catalyses the final steps in the conversion of indole-3-acetaldehyde to indole-3-abscisic acid and the oxidation of abscisic aldehyde to abscisic acid (Akaba et al. 1999; Barabas et al. 2000; Kaiser et al. 2005; Zdunek-Zastocka 2008) . This could then lead to the accumulation of endogenous abscisic acid which activates the basic leucine zipper (bZIP) transcription factors which in turn induce the expression of ABA-dependent COR genes through ABA receptive elements (Uno et al. 2000; Xiong et al. 2002) . However, it appears that this is not the case for cauliflower microshoots, as our research showed that ABA did not have the capacity to improve cold tolerance in this system (data unpublished). This was the justification for testing the effect of Mo on the ABA-independent COR gene induction pathway through the up-regulation of CBF/DREB1 in cauliflower microshoots. The results confirmed that the use of Mo at 15 ppm improved the expression of CBF/DREB1 under the effect of low temperature treatments. In agreement with this finding, Sun et al. (2009) and Al-Issawi et al. (2013b) indicated that the expression of CBF/DREB1 transcription factor genes was significantly higher in Mofertilized winter wheat than in non-Mo-fertilized. It has also been demonstrated that Mo application increased the transcripts level of Cbf (Stockinger et al. 1997; Jaglo-Ottosen et al. 1998; Thomashow 2010) . However, the current Fig. 14 Western blot analysis for the detection of dehydrin proteins from cauliflower acclimated microshoots treated with Mo using a k-segment dehydrin antibody study is the first which confirms the capacity of Mo to induce the expression of the CBF/DREB1 gene under warm temperatures (20°C) and the cold tolerance in cauliflower microshoots without cold acclimation. This result could have great practical importance in the field. The mechanism of how Mo improves upregulation of CBF/DREB1 is unknown and it may be ''cross-talk'' from heavy metal abiotic stress response but this needs to be confirmed. Furthermore, the role played by Mo in cold tolerance also needs further investigation using mature cauliflower plants under field conditions.
In terms of Mo effects on the accumulation of COR15 proteins in cauliflower microshoots, no bands were detected at the normal COR15 size (15 kDa) but consistent bands were recorded at 23 kDa. This suggests that CBFs could play a role as a transcription factor for other types of genes similar to COR15 and picked up by the COR15 antibody and that these genes play an important role in plant cold tolerance. The polypeptide band observed at 23 kDa must have a high homology with part of the sequence of COR15 protein because it was detected using the COR15 antibody.
The use of Mo significantly increased the amount of 23 kDa polypeptides when it was used at 15 ppm concentrations whilst concentrations higher than 15 ppm significantly decreased the amount of the 23 kDa polypeptide. Several studies have confirmed that a 23 kDa polypeptide is increased under the effect of the heat shock in Brassica oleracea var. gemmiferea L. (Broccoli) (Fabijanski et al. 1987 ) and in maize (Atkinson et al. 1989) . Also, BenHayyim et al. (1993) and Uma et al. (1995) demonstrated that a 23 kDa polypeptide is responsible for salt tolerance in Citrus and Finger Millet (Eleusine coracana). Given these findings, it is conceivable that Mo could have an important role in other plant stress systems including heat shock and salt tolerance, although this point needs more investigation.
Several studies have reported dehydrin proteins at different size classes in Brassicas, for example, while Battaglia et al. (2008) reported that most of the described Brassica dehydrins range from19 to 22 kDa with the only exception of 31 kDa ERD10 dehydrin of Brassica napus, Rurek (2010) was able to detect dehydrin proteins at several other size classes such as 40, 50, 55 and 70 kDa. However, the application of molybdenum to the cauliflower culture media decreased the accumulation of dehydrin proteins at different size classes. This indicates that dehydrin proteins have no significant effect on the cold tolerance of cauliflower microshoots. However, although molybdenum has an essential role on the synthesis of ABA (Huang et al. 2009 ) and ABA was confirmed to have a positive effects on the accumulation of dehydrine in cauliflower microshoots, molybdenum has a negative effect on the accumulation of these proteins. However, to the best of our knowledge, this is the first study to determine the effect of molybdenum on the accumulation of dehydrin proteins in plants and further investigations are required to determine the mechanism by which molybdenum decreases the accumulation of dehydrins.
Conclusion
It was demonstrated that the microshoot liquid culture media was the optimal stage for molybdenum mediated Fig. 15 The effect of Mo used with cauliflower microshoots liquid culture media on the accumulation of dehydrin proteins in the acclimated cauliflower microshoots [Results were normalised using Histone H3 protein as a reference (Housekeeping protein)] Plant Cell Tiss Organ Cult (2014) 118:215-228 225 induction in the cauliflower artificial seed system. The use of molybdenum in the artificial matrices or in the conversion media had negative effects on artificial seed conversion media and viability respectively. Mo significantly improved cauliflower microshoot cold tolerance and the expression of CBF/DREB1 in acclimated cauliflower microshoots. Importantly, this study is the first to report the positive effect of Mo on the improvement of cauliflower cold tolerance without acclimation and to demonstrate the capacity of Mo to up-regulate CBF/DREB1 without any cold treatment. The results reported in this study could have an important application in the improvement of cauliflower artificial seed abiotic stress tolerance which in turn will increase the effectiveness of this technique.
